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Absorption and emission in the UV-visible range 




















Heliatek 12% Small molecules, 
tandem
Konarka 9 % Polymers
UCLA/Solarmer 10.4 % Polymers, tandem
Polyera 9.2% Polymers?
Mitsubishi 10-11% Small molecules
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⇒ Good hole transport
























Y = 93 %
P(OEt)3
reflux, 5 h


























































0 °C, 90 min
3 eq. C8H17MgBr
THF
Synthesis – Carbazole Monomers
Dierschke, F.; Grimsdale, A. C.; Müllen, K. Synthesis 2003, 2470.











S X S BrBr
N
C8H17H17C8
S X S n
Pd2dba3 / P(o-Tol)3
Et4NOH 20 % aq.
Toluene
100-105 °C, 72h




















Mn = 36 KDa
Mw = 55 KDa
Mn = 4 KDa
Mw = 6 KDa
Mn = 26 KDa
Mw = 52 KDa
Mn = 5 KDa
Mw = 6 KDa
Mn = 11 KDa
Mw = 19 KDa
Mn =   9 KDa







(1.1 eV)Polym. Chem. 1, 127-136 (2010)
Poly(2,7-carbazole)s
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Jsc (mA/cm2) Voc (V) FF Eff(%)
1:1 4.3 0.8 0.5 1.7
1:2 10.6 0.87 0.58 5.34
1:3 10.5 0.86 0.58 5.23







Voc=0.913V, FF=66%, Jsc (EQE)=11.83mA/cm2
PCE=7.1% (Single unit cell with 1 cm2 active area)
Recent results: PCDTBT
Y. Tao, IMS, CNRC, Appl. Phys. Lett., 98, 253301 (2011)
See also A.J. Heeger, PCE of 7.9%, Adv Mater 2013, 25, 7038






































  100 mW/cm2 of AM1.5G

















High Efficiency Polymer Solar Cells with Long Operating Lifetimes
Advanced Energy Materials
Volume 1, Issue 4, pages 491-494, 20 APR 2011
See also: Nature Communications, 5:5688 (2014). Lifetime about 10 years
PCDTBT now available at SJPC 
McGehee, Stanford

















Conditions: i) Ac2O, 140 oC, overnight;  ii) n-C8H17NH2, toluene, reflux 24 h;  iii) SOCl2, reflux, 
12 h;   iv) H2SO4, CF3COOH, NBS, rt, overnight;  v) Pd2(dba)3, P(o-tolyl)3 , toluene, 110 oC, 48 h.
J. Am. Chem. Soc., 132, 5330 (2010)
TPD
BDT
First Synthesis of PBDTTPD
Most recent results: PBDTTPD mixed with PC61BM



































Jsc = 10.9 mA/cm2
Voc = 0.93 Volt
FF = 70 %
η = 7.1 %
Surface: 1.00 cm2
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Efficiency of 7.3%
New TPD-based copolymers
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Conditions: i) Et3N, DMF, 50 oC, 18h; ii) t-BuONO, THF, ∆, 3h; iii) 2M NaOH, ∆, overnight; 
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Direct (Hetero)Arylation
Q. Wang, R. Takita, Y. Kikuzaki, F. Ozawa. J.  Am. Chem. Soc. 2010, 132, 11420.
B. Liégault, D. Lapointe, L. Caron, A. Vlassova, K. Fagnou. J. Org. Chem. 2009, 74, 1826.
D. J. Schipper, K. Fagnou. Chem. Mater. 2011, 23, 1594.
HHBr-ending H-ending
W. Lu, J. Kuwabara, T. Kanbara, Macromolecules 44, 1252 (2011)
Direct Heteroarylation
Hétéroarylation directe
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Mn: 56 KDa






Polymerization conditions: Herrmann-Beller catalyst, (o-anisyl)3P, Cs2CO3, PivOH, toluene, 120oC, 17-24 h
Mn = 16 kDa
PDI = 2.6
Yield = 62% 
Mn = 50 kDa
PDI = 2.0
Yield = 94%
Mn = 48 kDa
PDI = 2.5
Yield 92%



























































Voc = 0.92 V
Jsc = -10.51 mA/cm2
FF = 0.63
PCE = 6.1%
OPV Devices - Best results



































































































































































Polymer Mn Mw HOMO LUMO Eg
elec Egopt
kg/mol kg/mol eV eV eV eV
P1 24 53 -6.0 -4.2 1.8 1.72
P2 20 43 -6.1 -4.2 1.9 1.75
P3 85 200 -5.4 -3.9 1.5 1.55
















































Y. Fujinami, J. Kuwabara, W. Lu, H. Hayashi, T. Kanbara. ACS Macro Lett. 
2012, 1, 67.
Mn = 32 kDa, PDI = 2.5
Insoluble
Polymer










TCE, 500MHz, 90 ˚C 45
Cbz-DPP
TCE, 500MHz, 90 ˚C 46
PCDTBT




























EgOpt LUMO HOMO EgCV μh
Ion/off
Vthres
kDa kDa eV eV eV eV cm2/V·s V
P1 15 51 3.4 1.13 -4.08 -5.35 1.27 0.26 105 -2
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